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Ventricular Tachycardia and Sudden Cardiac Death

Bruce A. KopLan, MD, MPH, anp WiLLiam G. Stevenson, MD

Ventricular tachycardia (VT), which most commonly occurs in
patients with structural heart disease, can be associated with an
increased risk of sudden death. The most common cause of
ventricular fibrillation is acute coronary ischemia, whereas a myo-
cardial scar from prior infarct is the most common cause of
sustained monomorphic VT in patients with structural heart dis-
ease. More benign forms of idiopathic VT can also occur in the
absence of structural heart disease. Treatment of VT involves both
emergent management and prevention of recurrence with medical
and device therapy. Appropriately selected patients who have
experienced VT or those who are at risk of VT may be candidates
for an implantable cardioverter-defibrillator. The left ventricular
ejection fraction is most frequently used to stratify patients with
either ischemic or nonischemic cardiomyopathy who are at risk of
sudden death and may be candidates for a prophylactic defibrilla-
tor. Catheter ablation may also be an option for appropriately
selected patients with many forms of VT. This article discusses
the etiologies and management of VT and its association with
sudden death.
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ARVD = arrhythmogenic right ventricular dysplasia; ECG = electrocar-
diogram; ICD = implantable cardioverter-defibrillator; LVEF = left ven-
tricular ejection fraction; Ml = myocardial infarction; RVOT = right
ventricular outflow tract; VF = ventricular fibrillation; VT = ventricular
tachycardia

V entricular tachycardia (VT) can be classified accor
ing to duration, morphology, and hemodynamic e
fect. Nonsustained VT terminates spontaneously withg
substantial hemodynamic compromise. Sustained VT
VT that lasts longer than 30 seconds and/or requires
intervention for termination or produces severe hemod
namic compromise or syncope before terminating spon
neously. Ventricular tachycardia is described as monom

ischemia, the leakage of potassium leads to increased ex-
tracellular potassium that depolarizes myocytes in the is-
chemic border zon¥. This depolarization leads to electri-
cal heterogeneity of conduction and refractoriness that pro-
vide a substrate for reentry, resulting in polymorphic VT
and/or VF.

Sustained monomorphic VT that is due to structural
heart disease is most commonly a result of reentry involv-
ing a region of myocardial scar. The most common cause of
a scar is an old infarct. This type of VT occurs in the
absence of acute ischemiaVentricular scars leading to
reentrant VT also occur in nonischemic cardiomyopathies,
including idiopathic dilated cardiomyopathy, hypertrophic
cardiomyopathy, infiltrative heart disease (eg, sarcoidosis),
right ventricular dysplasia, and after repair of congenital
heart disease or valvular heart disease.

Bundle branch reentry is a unique form of reentrant
monomorphic VT that does not require a myocardial scar.
It involves a reentrant circuit that uses the specialized
conduction system with the circulating wavefront traveling
antegrade down the right bundle branch and retrograde up
the left bundle branch, leading to a typical left bundle
branch block morphology during VT. Less commonly, the
d- circuit may travel in the opposite direction, or it may use
f- the left anterior and posterior fascicles only, causing VT
utwith a right bundle branch block configuration. This VT is
isasociated with severe conduction disease; most patients
arhave intraventricular conduction defects on their baseline
y- electrocardiogram (ECG) and ventricular dysfunction that is
ta-often severe. Bundle branch reentry accounts for approxi-
or-mately 5% to 8% of all sustained monomorphic VTs in

phic when each QRS complex resembles the next. Wherpatients referred for catheter ablatiémlthough it is rela-

QRS complexes during tachycardia vary in appeararn
from beat to beat, VT is classified as polymorphic (Figu
1). Torsades de pointes is a form of polymorphic VT that
often associated with a prolonged QT interval.

ETIOLOGIES

VENTRICULAR TACHYCARDIA WiTH STRUCTURAL HEART DISEASE

cetively uncommon, recognition of this arrhythmia is impor-
re tant because it is amenable to catheter ablation thétapy.
S
FamiLiaL Causes oF VT anp VF
A number of genetic conditions cause polymorphic ven-
tricular arrhythmias and sudden death in the absence of

Although usually associated with structural heart disea
VT can occur in its absence. Ischemic heart disease is
most common cause of sustained ventricular arrhythmi
Acute coronary ischemia is a cause of polymorphic VT

ventricular fibrillation (VF) and is probably the most com-
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FIGURE 1. Electrograms showing 3 different types of ventricular
tachycardia.

cise-induced polymorphic VF.Most patients present dur-
ing childhood with syncope or cardiac arrest. Sequence
variations in the cardiac ryanodine receptor or calsequestrin
are identified causes®®

Arrhythmogenic right ventricular dysplasia (ARVD) is
an inherited disorder that may present with monomorphic
VT or polymorphic VT. It is associated with fibrofatty
replacement of the right ventricle, leading to abnormal
right ventricular function and abnormal structural appear-
ance on cardiac imaging; however, the involvement can be
patchy and difficult to deteét:’®> Sequence variations in
genes coding for proteins involved in cell-to-cell adhesions
in the desmosome are the most often identified cause. The
electrogram in patients with ARVD may show prolonged
QRS duration, incomplete or complete right bundle branch
block, right precordial T-wave inversions, and/or a distinct
wave just beyond the QRS complex referred to as an epsi-
lon wave!® Monomorphic VT typically has a left bundle
branch block configuration due to its origin in the right
ventricle.

In view of these recognized genetic cause of syndromes
causing VT or VF, a family history of sudden death is often
an important finding that mandates careful evaluation for
these conditions in patients presenting with ventricular
arrhythmias.

visible structural heart disease (Table 1). Most of these
disorders are ion channel abnormalities. Long QT syndromelpiopathic VT
results most often from abnormalities of either potassium orVentricular tachycardia that occurs in the absence of struc-
sodium ion channels and typically manifests as a prolongedtural heart disease, genetic conditions such as long QT
QT interval on the surface EC&yncope and sudden death syndrome, or metabolic/electrolyte abnormalities is re-
result from polymorphic VT that often has waxing and wan- ferred to as idiopathic VT. Idiopathic VTs tend to originate
ing QRS amplitude known asrsades de pointes from a few specific locations that can be recognized from
In patients with Brugada syndrome, incomplete right the ECG. Most idiopathic VTs originate from the right
bundle branch block and ST-segment elevation in the anteventricular outflow tract (RVOT) and thus most commonly
rior precordial leads is evident on ECA genetic defect  have a left bundle branch block morphology and an inferi-
causing abnormal sodium channel function causes approxi-orly directed axid”*¢ Idiopathic RVOT tachycardia origi-
mately a quarter of cases. Syncope and sudden death resutiates from a focus, with automaticity mediated by cyclic
from polymorphic VT, tend to occur during sleep, and can adenosine monophosphate—dependent triggered activity
be precipitated by fever. Findings on ECG, which can wax leading to intracellular calcium overlo&#° Although
and wane over time, can be exacerbated by administratiormost originate from the right side of the outflow tract
of sodium channel-blocking agents, such as flecainide. region, some originate from the left ventricular outflow
Catecholaminergic polymorphic VT is an inherited dis- tract. These VTs may be sustained or may present as repeti-
order in which abnormal calcium processing causes exer<ive runs of nonsustained VTs, referred torapetitive

TABLE 1. Inherited Disorders Associated With Sudden Death

Long QT syndrome

Short QT syndrome

Hypertrophic cardiomyopathy

Familial dilated cardiomyopathy

Brugada syndrome

Catecholaminergic polymorphic ventricular tachycardia
Arrhythmogenic right ventricular dysplasia

290 Mayo Clin Proc. e

monomorphic VT&

A less common form of idiopathic VT results from
reentry involving the fascicles of the left bundle branch,
leading to VT with a right bundle branch block configura-
tion, usually with a superiorly directed QRS-axis tachycar-
dia. Interestingly, this tachycardia is sensitive to verapa-
mil.?? Idiopathic forms of VT are rarely life-threatening but
may be associated with hemodynamic compromise and
syncope when rapid and sustaifgd.
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FIGURE 2. Emergent management of hemodynamically unstable ventricular tachycardia (VT)/ventricular fibrillation (VF). Fab = fragment antigen
binding compound; MVT = monomorphic VT; NaHCO, = bicarbonate of soda; PMVT= polymorphic VT. Adapted from the American Heart
Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care.?*

MANAGEMENT OF VT tricular function; their frequency increases with the sever-
ity of left ventricular dysfunction. Although ventricular
EMERGENT IMIANAGEMENT AND INITIAL EVALUATION ectopy and nonsustained VT are markers for increased
Regardless of the etiology, emergent cardioversion is war-mortality, pharmacological suppression of these arrhyth-
ranted for sustained VT that is causing symptomatic hy- mias does not reduce sudden death.
potension, pulmonary edema, or myocardial ischemia. An  After stabilization, most patients warrant an assessment
algorithm for the emergent resuscitation of ventricular of structural heart disease with ECG or other imaging
arrhythmias (adapted from The American Heart Associa- technique (eg, cardiac magnetic resonance imaging). Coro-
tion Guidelines for Cardiopulmonary Resuscitation and nary artery disease should be excluded when this is a
Emergency Cardiovascular Care) is shown in Figute 2. possibility. Further therapy is guided by the nature of un-
Reversible causes, such as acute ischemia, electrolyte alierlying heart disease and the specific type of ventricular
normalities, or drug toxicities, should be corrected. arrhythmia. Polymorphic VT suggests myocardial is-
Premature ventricular beats and nonsustained VT can behemia or an inherited arrhythmogenic syndrome. Sus-
an indication of underlying heart disease, myocardial is- tained monomorphic VT may be idiopathic, occurring in
chemia, hypoxia, or electrolyte abnormalities. Evaluation the absence of structural heart disease and associated with a
for these potential provocative factors is warranted. Thesebenign prognosis; however, it more commonly indicates
arrhythmias are common in patients with depressed ven-the presence of a myocardial scar that provides the sub-
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strate for reentry. The prognosis (particularly the risk of A small but important fraction of sudden deaths are due to
sudden death) and the therapy required are determinedjenetic causs of cardiomyopathy (hypertrophic or dilated)

largely by the underlying heart disease. or to ion channel abnormalities (eg, long QT syndrome,
short QT syndrome, Brugada syndrome). A family history
SubbeN DEATH AND VENTRICULAR ARRHYTHMIAS of sudden death should prompt careful consideration for

Sudden death accounts for greater than half of all cardiagdhese entities. Interestingly, a familial predisposition to
deaths and up to 15% of total mortality in the United sudden death in patients at risk of coronary artery disease
States® In epidemiological studies, sudden death is typi- has also been shown; a genetic susceptibility to VF during
cally defined as unexpected death that occurs immediatelyischemia is one of the hypotheses invoked to explain this
or within 1 hour of an abrupt change from a stable clinical observation.
state. Sudden death is frequently due to VT degenerating to
VF. Numerous risk factors for sudden cardiac death havePHarRmAcoLoGicAL THERAPY FOR VENTRICULAR ARRHYTHMIAS
been identified. It is more than twice as likely in men as in B-Blockers and angiotensin-converting enzyme inhibitors
women and more then 3 to 5 times as likely in the setting ofhave been shown to reduce mortality and sudden death in
structural heart disease, particularly coronary artery dis-patients with coronary artery disease or heart fafftffe.
ease®?’ Greater than two-thirds of sudden cardiac arrests Ventricular tachycardia is often sensitive to adrenergic
are associated with coronary artery disease. It can be thstimulation, and3-blockers can reduce arrhythmia recur-
first manifestation of coronary artery disease, making de-renes. Membrane-active antiarrhythmic drugs have largely
tection of high-risk patients problematic. been a disappointment and do not reduce mortality in pa-
Patients who survive a myocardial infarction (MI) are at tients at risk of ventricular arrhythmi&s? Class IIl anti-
risk, with the incidence of sudden death or cardiac arrestarrhythmic drugs (eg, $alol and amiodarone) have been
being highest (1.40% per month) in the first month after Ml shown to reduce arrhythmia recurrences but not mortal-
and decreasing to 0.14% per month at 2 years aftéf Ml. ity.**# Class | antiarrhythmic drugs (eg, quinidine, fle-
One of the most easily identified and most commonly usedcainide, and propafenone) actually increase mortality in
noninvasive risk factors for sudden death is a depressed lefpatients with ventricular arrhythmias and prior #>4¢In
ventricular ejection fraction (LVEF}.An LVEF of 30% or patients with structural heart disease and sustained VT or
less is associated with an annual overall mortality rate VF, antiarrhythmic drugs may be used to reduce recurrent
approaching 109%:% Other risk factors for sudden death symptomatic arrhythmias after placement of an ICD.
include abnormal heart rate variability, microvolt T-wave Idiopathic VT often responds fdblockers or the non-
alternans, and ambient ventricular arrhythnitas.Al- dihydropyridine calcium channel-blocking agents (verap-
though these noninvasive risk factors have been shown tamil or diltiazem). Class | or Il antiarrhythmics can also be
be associated with an increased incidence of sudden careffective, but catheter ablation is usually considerdd} if
diac death in selected patient populations, their usefulnes$lockers and calcium channel blockers are not effective,
in selecting which patients would benefit from an implant- rather than long-term antiarrhythmic medications. Catheter
able cardioverter-defibrillator (ICD) remains questionable ablation of idiopathic VT can be successfully performed in
and is still under study. Inducible VT during invasive elec- approximately 80% of patients.
trophysiological study with programmed ventricular stimu-
lation is also a risk factor for sudden cardiac death in RoLe oF ICDs IN PATIENTS AT Risk oF Subben DEATH
patients with ischemic heart disease, for which an ICD is Implantable cardioverter-defibrillators effectively termi-
usually warrante nate VT and VF for most patients and reduce mortality in
Patients with depressed ventricular function from cardi- selected patients at risk of sudden death. Appropriate selec-
omyopathies, congenital heart disease, and valvular heartion of patients for ICD therapy has been the subject of
disease are also at risk of VT and sudden death. Riskextensive investigation. Two broad categories of patients
factors are less well defined in these populations than forare candidates for ICD therapy: those receiving an ICD for
populations with coronary artery disease. Although devel- secondary prevention of sudden death after surviving an
opment of large areas of ventricular scar is not common inepisode of cardiac arrest and those treated for primary
nonischemic cardiomyopathies, sustained VT often seemgprevention of sudden death who have not had a prior car-
to be related to a scar that can be identified as areas ofliac arrest or sustained VT.
delayed gadolinium enhancement on cardiac magnetic Patients who have survived a cardiac arrest or who have
resonance imaging. Whether magnetic resonance imagingustained VT that causes hemodynamic compromise and is
will be helpful in identifying patients at risk is an area of not due to a secondary cause (such as acute Ml) have a high
active interest and is under investigation. risk (>40%) of having a recurrent episode of VT or VF in the
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FIGURE 3. Twenty-month mortality rate in patients with ischemic heart FIGURE 4. Five-year mortality rate in patients with cardiomyopathy of
disease and left ventricular ejection fraction of <30% from the second either ischemic or nonischemic etiology from the Sudden Cardiac
Multicenter Automatic Defibrillator Implantation Trial (MADIT-II). Cl = Death in Heart Failure Trial (SCD-HeFT). Cl = confidence interval; HR =
confidence interval; HR = hazard ratio; ICD = implantable cardioverter- hazard ratio; ICD = implantable cardioverter-defibrillator.
defibrillator.

next 2 years. An ICD for secondary prevention improves secondary prevention of sudden death adapted from the
survival (31% reduction in mortality in 3 yeaf$). Centers for Medicare and Medicaid Services 2005 guide-
Implantable cardioverter-defibrillators also reduce mor- lines. Primary prevention indications for ICD therapy are
tality rates in selected high-risk patients for primary preven- based mainly on the measured LVEF; ICD therapy is indi-
tion. Sudden death risk is best identified from depressed leftcated only if the LVEF has been reduced for an extended
ventricular function. In the second Multicenter Automatic period and is not likely to recover. Reassessment of ven-
Defibrillator Implantation Trial (MADIT 1) (Figure 3), tricular function is recommended several weeks after acute
ICDs for patients with coronary artery disease and an LVEF
of 30% or less reduced mortality by 5.6% at 20 months
(relative risk reduction of 28%) compared with conventional
medical treatment aloriéThe Sudden Death in Heart Fail-

TABLE 2. Indications and Contraindications for ICD Therapy?

Indications
Primary prevention of sudden death

ure Trial (SCD-HeFT) enrolled patients with an LVEF of Ischemic heart disease
35% or less due to either ischemic or nonischemic heart IDI\(I:\'(\AI-i Adolcumf’h”tefij p”fliOF Nc'j'- at least 30& ;ggg/s post-MI,
. P class Il an , anad measure (]
dlsease' who had New York Heart Association class Il or IlI Ischemic heart disease, LVER0%, and inducible VT on
heart failure’® At 5 years of follow-up, ICDs reduced mortal- electrophysiologic study
ity compared with amiodarone (28.9% vs 34.1%) or standard NOYKISIBfg\fAT"Cghea” ﬂ$aisel W and 11 LVER350¢
. 0 0 . . >9 mo, class Il an y = (]
medical therapy (28.9% vs 35.'8 %) (Figure 4). .AmIOdarone Familial or inherited conditions with high risk of sudden death
was of no benefit compared with standard medical thefapy. Diseases associated with a substantial risk of sudden death
Meta-analyses further support a survival benefit for ICD Congenitﬁl Syndrorr?_eS: Iodng QT intirvalz Erht{gﬁd_a lf)]fndrome.
. - . . . - ARVD, hypertrophic cardiomyopathy with high-risk features
therapy in patients ywth nonischemic cardiomyopéthy. o Secondary prevention of sudden death
However, selection for ICD therapy must also be indi- Documented cardiac arrest due to VF or hemodynamically
vidualized. Patients with serious comorbidities associated unstable VT, not due to a transient or reversible cause

: : Contraindications
with a survival of less than 1 year should generally not be =" -5 or PTCA within 3 mo or Mi within 40 d

considered candidates for ICD therapy; they are unlikely to  candidacy for revascularization

benefit and would be subject to potential adverse effects of Irreversible brain damage o _

the ICD. Furthermore, although advanced age is not an Any other disease associated with a likelihood of survival of <1y
absolute contraindication to device therapy, comorbidities *ARVD = arrhythmogenic right ventricular dysplasia; CABG = coronary
can have profound effects on expected mortality in elderly artery bypass grafting; ICD = implantable cardioverter-defibrillator;

. .. . o IDCM = ischemic dilated cardiomyopathy; LVEF = left ventricular ejec-
patients, and decisions to implant ICDs must be individual- tion fraction; MI = myocardial infarction; NIDCM = nonischemic dilated

ized in this group? cardiomyopathy; NYHA = New York Heart Association; PTCA = percu-

Table 2 summarizes some of the more common ap- f,ag:ﬁﬁé‘jk:ﬁgﬁ,nggsgaa”g'OplaSty; VF = ventricular fibrillation; VT =

proved indications for ICD therapy for either primary or pata from the Centers for Medicare and Medicaid Services 2005 guidelines.
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FIGURE 5. Electrograms showing premature ventricular contractions originating from the aortic annulus. This patient
had severely symptomatic premature ventricular contractions and nonsustained ventricular tachycardia of the same
morphology. A, The premature ventricular contractions (arrows) have a left bundle branch block configuration,
indicating an origin in the right ventricle or septal aspect of the left ventricle. The frontal plane axis is directed inferiorly
(dominant R wave in leads Il and Ill). This morphology is consistent with an origin in the outflow region of the left or
right ventricle. B and C, Successful site of ablation in the aortic annulus on fluoroscopy. The focus was found at the
aortic annulus above the His bundle region (HIS) (white arrow at ablation catheter that enters the ventricle from a
retrograde aortic approach). LAO = left anterior oblique; RAO = right anterior oblique; RVA = right ventricular apex.

MI or coronary revascularization or several months after aFigure 5 displays images and electrograms from a patient

new diagnosis of nonischemic cardiomyopathy. with an idiopathic outflow tract VT. Failure of ablation is
often due to inability to provoke the VT for mapping. Ap-
CATHETER ABLATION FoR VT proximately 10% to 20% originate outside the RVOT in

Catheter ablation has the potential to control recurrent VT sleeves of myocardium around the aortic annulus, pulmo-

without the adverse effects of antiarrhythmic drug therapy. nary artery,and eptardium and along theitral annulus.

As such, it has an important role in nearly all forms of Ablation can be more difficult in these locations and is

monomorphic VT that are recurrent and not responsive tooccasionally prevented by proximity to a coronary artery.

medical therapy. Success is achieved in greater than 80% of pafieéhts.
Idiopathic VT. In patients with symptomatic idiopathic Complications are infrequent but can include perforation

VT, catheter ablation is a reasonable option v@iblockers with tamponade and rare coronary occlusions for ablation in

or nondihydropyridine calcium channel blockers fail or are the epicardium or aortic root.

undesirable. For VTs that originate from the outflow tract It is increasingly recognized that very frequent idio-

regions, ablation is successful in 80% to 90% of patients.pathic VTs or premature ventricular contractions can cause
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FIGURE 6. Voltage map of the left ventricle from a patient with a prior anterior wall infarction
viewed from the left lateral and inferior aspect. Colors represent the bipolar electrogram
amplitude. Purple represents normal amplitude (>1.5 mV). Electrogram amplitude is
progressively lower as colors progress from blue to green to yellow to red. Gray areas are
electrically unexcitable, indicating dense fibrosis. Ventricular tachycardia circuits are lo-
cated in the scar area. For ablation of ventricular tachycardia, additional mapping is
required to define the location of the reentry circuit within the scar.

depessed vetnicular function that is a form of tachycardia- Identification of the arrhythmogenic substrate giving
induced cardiomyopathy. In some cases, depressed left verrise to VT has been improved by methods that allow identi-
tricular function may be an artifact reflecting the difficulty of fication of scars as regions of low electrogram amplitude in
measuring function in the presence of very frequent arrhyth-“voltage maps” that can be created by ventricular mapping
mia. Nonetheless, abolition of the arrhythmia can be fol- during stable sinus rhythm. These anatomic reconstruc-
lowed by marked improvement in ventricular functidn. tions allow targeting during stable sinus rhythm, while
Scar-Related VTs in Structural Heart Disease.ln confining ablation lesions to abnormal regions, in the hope
patients with structural heart disease, catheter ablation hasf reducing the risk of damage to normal myocardium. This
a role in preventing or reducing symptomatic scar-related approach, known asubstrate mappingllows ablation to
ischemic VT<* Figure 6 displays a voltage map obtained target VTs that are hemodynamically unstable, such that
from a patient with a scar-related VT due to prior MI. mapping cannot be performed during VT itself.
Catheter ablation can be life-saving for patients with inces-  Failure of VT ablation is often due to a structural prob-
sant VT. Success rates for emergent procedures vary fromlem. Ventricular tachycardia may originate from an epicar-
50% to 80%, with a rate of major complications of between dial or intramural location. Epicardial scars are particularly
2% and 10%6>°8Procedure mortality is approximately 3%, common in nonischemic cardiomyopathies but are also
with most deaths due to failure of the procedure to controlseen in some infarct scars and ARVD. A percutaneous
frequent, life-threatening VT. Ablation is also useful for subxiphoid pericardial puncture can be used to introduce a
controlling recurrent VT in the setting of dilated cardiomy- mapping and ablation catheter into the pericardial space to
opathy, infiltrative heart disease such as cardiac sarcoidotarget these arrhythmias. This approach is required in ap-
sis, or ARVD. Ablation in these disorders is often more proximately 10% of patients with recurrent VT who are
difficult than ablation for VT due to prior MI. The areas of referred for ablation at our center. Care must be taken to
scar and reentry circuits are more often subepicardial oravoid ablation near a coronary artery.
intramural, requiring epicardial mapping and ablation. Pro-  In patients with ICDs, the occurrence of an episode of
gression of the disease process is likely a factor that in-VT is a marker for increased risk for heart failure and
creases recurrence of VT during long-term follow2fJ. mortality, despite effective VT termination by the ICD.
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Ventricular tachycardia may be a marker for ongoing ven- _ 8. Tchou P, Jazayeri M, Denker S, Dongas J, Caceres J, Akhtar M.

. ; Transcatheter electrical ablation of right bundle branch: a method of treating
tricular remOdelmg' Whether attempts to prevent or reducemacroreentremt ventricular tachycardia attributed to bundle branch reentry.

VT in patients with ICDs will improve outcomes is unclear. Circulation. 1988;78(2):246-257.

i i ini 9. Splawski I, Shen J, Timothy KW, et al. Spectrum of mutations in long-
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ablation vs no ablation on the basis of substrate map-ation. 2000;102(10):1178-1185.

ping.63 During follow-up of 128 patients, ablation reduced 10. Brugada P, Brugada J. Right bundle branch block, persistent ST segment

o O ini elevation and sudden cardiac deathdistinctclinical and electrocardio-
spontaneous VT (12 Yo \B3% incidenceof spontaneous graphic syndrome: a multicenter repdrAm Coll Cardiol 1992;20(6):1391-

ventricular arrhythmia requiring ICD therapi?=.007). 1396.

Although the trial was not sufficiently powered to assess 11. Leenhardt A, Lucet V, Denjoy I, Grau F, Ngoc DD, Coumel P. Cat-
echolaminergic polymorphic ventricular tachycardia in children: a 7-year fol-

mortality, there was a favorable trend toward a reduction jow.up of 21 patientsCirculation. 1995:91(5):1512-1519.
in mortality in the ablation group. 12. Priori SG, Napolitano C, Tiso N, et al. Mutations in the cardiac ryanodine
. . . receptor gene (hRyR2) underlie catecholaminergic polymorphic ventricular
Polymorphlc VT. Requrrent polymorphlc YT IS |§SS tachycardiaCirculation. 2001;103(2):196-200.
frequent than monomphic VT. It occurs in patients with 13. Postma AV, Denjoy |, Hoorntje TM, et al. Absence of calsequestrin 2

Br ndrome. th with the lon T svndrom nd incauses severe forms of catecholaminergic polymorphic ventricular tachycar-
ugada syndrome, those with the long QT syndrome, and dia. Circ Res.2002;91(8):e21-e26.
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